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Abstract
Introduction: The aim of our study was to evaluate significance of noninvasive echocardiographic marker of slow sinus impulse propagation (atrial conduction time) for the identification ofpersons with slightly elevated blood pressure and hypertension (HT)in adults.Methods: One hundred and fourty nine adults with normal and elevated blood pressure were studied: 46 normotensive (group 1), 28 adults with elevated blood pressure and hypertension stage 1 (group 2) and 75 adults with hypertension stage 2 (group 3), based on JNC-8 guidelines.We studied p-wave dispersion,reservoir function of left atrium, totalemptying volume of left atrium (LA) and total emptying fraction of left atrium (LATEF).The atrial conduction time (ACT) was evaluated by the pulsed tissue Doppler, and expressed as interatrial and intraatrial conduction time.Results:The LATEFdecreased progressively from group 3, group 2 to group 1(55.6 ± 7.3 vs.59.8 ± 5.2 vs. 64.8 ±4.4,p<0.001). The p wave dispersion(55.1 ± 9.8 vs.46.8 ± 3.1 vs.43.1 ± 2.6, p<0.01)and intra ACT was significantly prolonged only in group 3compared to the other groups (22.7 ± 11.0 vs. 8.4 ± 4.7 v. 5.6 ± 2.4, p<0.001). Inter ACT significantlyincreased from group 1, group 2 to group 3 (15.6 ± 3.9 vs.24.6 ±5.7 vs. 50.4 ± 20, p<0.05). Using a cut off level of 19 .5ms, interACT can separate adults ingroup 2 from group 1 with a sensitivity of 85%, and specificity of 89% (ROC area under curve 0.911). Conclusion:Prolonged ACT estimated with tissue Doppler may be useful for identification persons with slighty elevated blood pressure, and hypertension stage 1. 
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Introduction
Elevated blood pressure can easily turn into high blood pressure (hypertension)unless one change lifestyle habits. Both elevated blood pressure and high blood pressure increase risk of cardiovascular morbidity, mortality and stroke.It is highly prevalent in the general population [1] .The prolonged elevation of blood pressure leads to the structural and Previous studies have shown that prolongation of inter-atrial and intra-atrial electromechanical times promotes atrial fibrillation [6, 7, 8, 9, 10] . Adultsin early hypertensive disease are asymptomatic and it is of importance to establish early diagnosis and to assess the presence of subtile structural changes in their cardiovascular system [11] .
Our hypothesis wasthat a noninvasive echocardiographic marker of slow sinus impulse propagation-ACT,may identify adults in early hypertensive diseaseand hypertensive adults.
Methods
One hundred and fourtynine adults with normal and elevated blood pressure were studied: 46normotensive (Group 1)(BP range: SBP <120, DBP<80 mmHg); 28 adults with elevated blood pressure (SBP range: 120-129 mmHg, DBP<80 mmHg)and hypertension stage 1 (SBP 130-139 mmHg, DBP 80-89 mmHg) (Group 2), and 75 hypertension stage 2 (Group 3)(SBP ≥140 mmHg and (or) a DBP ≥90 mmHg). Blood pressure classification was based on JNC-8 guidelines, using an average of ≥ 2readings obtained ≥ 2 occasions (officially based). We examined 243 consecutive participants with elevated blood pressure, andhypertension stage 1 and 2 who were in sinus rhythmreferred echocardiography.
Patients with hypertensionstage 2 were medicallytreated. These patients were already on therapy with medicaly regulated hypertension. The volume of the left atrium (LAV) was measured from the apical four chamber view cross section, by using the biplane area length method [14, 15, 16] . LAV is indexed in relation to the surface of the body and expressed in ml/m2. The LAV maximum (LAV max.) was measured at the end of the ventricular systole, at the beginning of the opening of the mitral valve. LAVpresystolic (LAV pre A) was measured in the middle diastole at the beginning of the atrial systole (p ECG waveform) and LAV minimal (LAV min.) at the start of closure of the mitral valve.
The parameters of the LA function were calculated from the LAVmax.andLAV min.
Reservoir function is presented as total emptying volume (TEV)and total emptying fraction Interobserver variability was analyzed using the interclass coefficient (Table 1) .
Results
There was no diference in terms of age, sex, resting heart rate, LV EF, BMI among all three groups (all p>0.05). Through the study design, the systolicblood pressure was significantly higher in group 2 (all p<0.001). Distolic blood pressure was higher in group 3 and group 2 (p<0.001). (Table 2) Patients in group 3 had higher LA diametar, LAVI max, LAVI pre A, LA TEVand LVS Em than those of groups 2 and 1 (all p<0.001). E/A ratio and LVS Em in group 3 were significantly lower than those of groups 1 and 2. E/Em velocity and LAVI min. increased progressively from 1 to 2 and 3 group (all p <0.001). LA TEF decreased progressively from 1 to 2and 3 group (all p<0.01). Peak mitral E wave was significantly higher in group 1compared to groups 2 and 3 (p<0.001). (Table 3) P-wave dispersion in group 3 was signifiantly higher than those of groups 1 and 2.
Atrial conduction time findings measured by TDI are shown in table 4.
Atrial conduction time on septal, lateral and tricuspid annulus were significantly increasing from group 1 to groups 2 and 3. There was no difference in inter ACT between group 1 and 2. Patients in group 3 had significantly prolonged intra ACT than those in groups 1 and 2. Related to group 1, inter ACT was prolonged in group 2 (p=0.034) and further prolonged in group 3 (p<0.001).
Using a cut off level of 19.5msec, interatrial ACT can separate adults withslightly elevated blood pressure and hypertension stage 1from normotensions with a sensitivity of 85%, and specificity of 89%(ROC area under curve 0.911). (Figure 2 ).
Discussion
The principal finding of this study is that interatrial conduction time is a predictor of the presence of early hypertensive disease in adults. A cut off 19.5msecfor inter ACT had a sensitivity 85% and specificity 89% in identifying early hypertensive disease in adults.
Acording to available sources, this is a new finding, which has not been previously reported.
In our study, we demonstrated that impairment in propagation of sinus impulses is present in hypertension. However, adultswith slightly elevated blood pressure have a slowing of sinus impulse propagation. It has beendemonstrated that ACT on lateral, septal mitral, tricuspid annulus, inter and intra ACT were prolonged in hypertension compared to normotension [17] . Atrial electromechanical delay and P wave dispersion islonger in hypertensions with elevated pulse pressureand without significant structural remodeling [18] . Inter and intraACTs are prolonged in hypertension [19] , and in early stages ofhypertension without significant prolongation of maximum p wave duration on 12 lead ECG. This is an explanation for presence of earlier period of atrial electrical impairment, before the appearance of a P wave prolongation on 12 lead ECG [6] . Our study shows that P wave dispersion was similar between normotensions and persons with slightly elevated blood pressure, while it was significantly prolonged in patients with hypertension stage 2.
Slowing atrial conduction velocity and atrial conduction delay, can occur due to atrial fibrosis, remodeling and can be a trigger for atrial fibrillation. Atrial conduction delay can be easily discovered with a tissue Doppler, and may be an indicator for the presence of arrhythmogenicsubstrate [16] . In our study we demonstrated significantly prolongedintra ACT, inter ACTand P wave dispersionin patients withhypertension, even when it is medically regulated. We found prolonged intra-ACT in patients with early hypertension disease, withoutincrease inP wave dispersion on 12channel ECG, which isknown as electrophysiological marker of inhomogenous propagation sinus impulses. Our findings suggest that inter ACT conduction time measured by tissue Doppler is the first sign of impaired conduction ofthesinus impulses in the early stage of hypertension, even in the persons with slightly elevated blood presure.
In addition to morphologic remodeling known to be present in hypertensive patients, even slightly elevated blood pressure also cause electrical remodeling of atria which are responsible for slowing conduction of sinus impulses. LA enlargement causes slowing of sinus impulse conduction because of structural and electrophysiological changes in the atrial myocardium.
Our study also showed impairment of the mechanical function of LA in hypertension but in adults with slightly elevated blood pressure as well. Impairment of the LA mechanical function andLA enlargement were common findings in hypetension [18, 19] .
Decreasedmechanical function of LA has been observed in recently diagnosed hypertensive patients and it wasrelated to an increased LAVI min [20] .LA volume and active systolic function assessed by RT3DE were significantly increased in prehypertension [16] . Some sources [21] suggested that the occurrence of paroxysmal atrial fibrillation in hypertensive patients is associated with enhanced LA reservoir and conduit function and worsening booster pump function. In our study population dimensions of left atrium were normal.
Using pulsed wave Doppler methods (DT, IVRT, LV E/A, Mitral Awave),we did not find complete impairment of diastolic function of the LA in the group 2, but we found it in group 3. All the examinees including those with hypertension had normal LA dimensions.
By analyzing the volume of the left atrium in the various phases of the heart cycle, we have shown that there is a deterioration of the mechanical function of the LA in group 2, and significant impairment in group 3, even though they were medicamently regulated. There was continous trend in the progression of reduction in the atrial reservoir function from slightly elevated blood pressure to hypertension.
Our study demonstrated the presence of disturbance of atrial conduction in adults with slightly elevated blood pressure and significant impairment of interatrial and intraatrial sinus impulse conduction in medically controlled hypertensive patients.
We found that inter ACT measured by tissue Doppler may be useful echocardiographic marker for the identification of adults with slightly elevated blood pressure.
The limitation of this study is thatatrial conduction time was not investigated by invasive electrophysiologic techniques and compared to echocardiographic examination.
Another limitation was a single operator acquired echocardiographic and electrocardiographic measurements, that unabled us to compare interobsever variability.
Conclusion
Mechanical and electrical function ofthe LA is impaired in patients with early hypertensive disease and significantly impaired in hypertension. Prolonged atrial conduction time estimated with a tissue Doppler may be useful for distinguishing normotension from adults with slightly elevated blood pressure andhypertension stage 1. Optimum cut-off point was 19.5ms. 
